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Introduction
Nasopharyngeal carcinoma (NPC) is a non-lymphomatous and squamous-cell carcinoma, which is commonly associated with Epstein-Barr virus infection [1] . The annual incidence of NPC reaches about 25 per 100,000 individuals among the Cantonese people that inhabit Guangdong province in Southern China, which is 25-fold higher than that in the Western world [1, 2] . During the past decades, the overall 5-year survival rate has improved substantially from 60% to 80%. However, 20-30% patients finally progress with distant metastasis and/or locoregional recurrence [3, 4] . Therefore, better treatment approaches and rational planning are urgently required for NPC patients.
As outlined by the UICC/AJCC, the TNM staging system is the most important prognosticator for survival prediction and contributes largely to the treatment planning of NPC patients [5, 6] . To date, there have been four editions of TNM staging systems for NPC that have been updated in association with the development of imaging and treatment technologies. The TNM 6th edition has been commonly used since its release in 2002 [7] ; however, there are still some controversies: firstly, accumulative studies revealed that nasal and/or oropharyngeal invasion (T2a by TNM 6th edition) without parapharyngeal extension had a similar prognosis compared to T1; secondly, retropharyngeal lymph node (RLN) involvement, regardless of laterality, had an inferior prognosis compared to nodenegative disease [8, 9, 10] ; thirdly, masticator space invasiveness including the medial and lateral pterygoid muscles had a similar prognosis to T4 [11, 12] . In 2009, the TNM 7th edition UICC/AJCC staging system for NPC was released [13] and revised the corresponding criteria based on the previous findings except for the definition of the masticator space. In fact, there was no instruction about the definition of masticator space in the TNM 6th edition and TNM 7th edition AJCC cancer staging handbook [14, 15] . Therefore, there was no obvious change regarding T4. Here, in order to evaluate the prognostic value of the TNM 7th edition, we compared the prognostic performance of the TNM 7th edition with the TNM 6th edition, in a large retrospective cohort of 2,629 NPC patients.
Materials and Method

Patient characteristics
We retrospectively reviewed the medical records of 2,671 consecutive patients with biopsy-proven hospitalization at Sun Yat-sen University Cancer Center (SYSUCC) between January 2006 and December 2010. One patient without radiation therapy and 41 patients without a complete medical history of clinical and follow-up data were excluded from the study. Finally, 2,629 patients remained for further analyses (Table 1 and S1 Table) . This study was approved by the Institutional Review Board of the Sun Yat-sen University Cancer Center. All patients signed an informed consent form prior to participating in the study. All 2,629 patients had undergone fiberoptic endoscopic biopsy of the nasopharynx and contrast-enhanced CT/MRI of the nasopharynx and neck during staging work-up. Almost all individuals (2,625/2,629, 99.8%) received magnetic resonance imaging (MRI) of the head and neck to evaluate the primary tumor and the frequency of LN metastases, and the other four patients received CT. All included patients underwent other pretreatment evaluations, including physical and neurologic examinations, hematology and biochemistry profiling, chest radiography, abdominal ultrasonography and emission CT scan. In addition, a total of 287 (10.9% of 2,629) patients underwent 18F-fluorodeoxyglucose positron emission tomography and computed tomography (PET/CT) examination to help evaluate distant metastatic disease. Cranial nervepalsy was assessed clinically. Two clinicians independently reviewed all of the images based on the MRI/CT diagnosis criteria and re-staged all the patients according to the criteria of the TNM 6th edition and TNM 7th edition for NPC (Table 2) . Any disagreements were resolved by consensus.
With regard to non-distant metastatic cancer, it was defined as a primary tumor with or without local regional lymphocyte node metastases, including stage I, II, III, IVa and IVb subgroups. With respect to distant metastasis, it was defined as a tumor spreading from the original (primary) tumor to distant organs or distant lymph nodes. Among a total of 2,629 individuals recruited, 542 patients had a primary tumor without regional lymphatic metastases, 2,011 patients had local regional lymphatic metastases, and the remaining 76 patients had distant metastases.
Determination of nasal and/or oropharyngeal cavity invasion for the T category Diagnostic MRI/CT criteria for nasal invasion included nasal structure (turbinates and nasal septum) involvement, and extension to the line of bilateral pterygopalatine fossa. Oropharyngeal invasion was determined as the tumor margin accessing the gap of the first and second cervical intervertebra [16] . Patients with nasal cavity and/or oropharynx involvement were classified as T2a by the TNM 6th edition but T1 by the TNM 7th edition [17] .
Determination of lymph node metastasis for N classification
Metastatic lymphadenopathy was determined by using MRI/CT with any of the following: 1) lateral RLNs with a minimal axial dimension (MID) of 6 mm [18] and any lymph node observed in the median retropharyngeal group, or cervical lymph nodes with a MID of 11 mm in the digastric region, and MID of 10 mm for all other cervical lymph nodes except the retropharyngeal group; 2) lymph nodes of any size with central necrosis or a contrast-enhancing rim; and 3) lymph node cluster, meaning the presence of 3 contiguous and confluent lymph nodes, each of which should have a MID of 8-10 mm [16, 19] . Patients with RLN metastasis but no positive cervical lymph nodes (N0 RLN+ ) were staged as a N0 subset in the 6th edition but an N1 subset in the 7th edition. Patients with neither RLN nor cervical lymph node metastasis (N0 RLN-) remained in the N0 subset in both editions [17] .
Treatment and follow-up
Radiotherapy with or without chemotherapy remained as standard care for NPC patients [20] . For non-distant metastatic NPC, all patients were treated with N1 unilateral node(s), #6cm in greatest dimension, above the supraclavicular fossa unilateral cervical and/or unilateral or bilateral retropharyngeal node(s),#6cm in greatest dimension, above the supraclavicular fossa N2 bilateral node(s),#6cm in greatest dimension, above the supraclavicular fossa bilateral cervical node(s),#6cm in greatest dimension, above the supraclavicular fossa
N3a
.6cm, or in supraclavical fossa .6cm, or in supraclavical fossa Masticator space primarily consists of the muscles of mastication. Anatomically, the superficial layer of the deep cervical fascia splits to enclose the muscles of mastication to enclose this space. These muscles are the medial and lateral pterygoid, masseter and temporalis.
doi:10.1371/journal.pone.0116261.t002
standard curative radical radiotherapy, including conventional 2-dimensional radiotherapy (2D-CRT) or intensity-modulated radiation therapy (IMRT), as described previously [20] . Briefly, all target volumes were outlined slice by slice in the treatment planning system based on enhanced CT scans. The radiation dose was 60,72 Gy at the nasopharyngeal region and 50,66 Gy at the regional lymph nodes. Part of the patients with stage II and all patients with stage III to stage IV disease were commonly combined with sequential chemotherapy with a platinum-based regimen. Salvage treatments (including surgery, brachytherapy, and chemotherapy) were provided in the event of documented disease recurrence or persistence. For distant metastatic NPC, loco-regional radiotherapy with cisplatin-based systemic chemotherapy was provided to the patients [21] . Local treatment of metastatic sites, including radiation therapy, surgical resection or ablation, or other treatments were provided to the metastatic patients based on the discretion of the attending radiation oncologists.
The patients were followed up every three months in the first three years, and every six months thereafter or until death. The last follow-up date was May 30, 2013 for all available patients. Local recurrence was confirmed by fiberoptic endoscopy, MRI and biopsy. Distant metastases were diagnosed based on clinical symptoms, physical examination, and imaging methods including CT-scan, bone scan, and abdominal sonography or PET-CT.
Statistical Analysis
The differences in T, N and overall stage distributions between the TNM 6th and TNM 7th editions were compared using chi-square tests. The following endpoints were assessed: overall survival (OS), loco-regional recurrence-free survival (LRRFS), and distant metastasis-free survival (DMFS). The survival rate of OS, LRRFS and DMFS at 3 years and 5 years in percent are supplied in S2 Table. The event for OS was defined as the duration from diagnosis until the date of death from any causes, or date of the last follow-up. LRRFS was the duration between the date of being diagnosed and the date of having event of loco-regional recurrence or date of the last follow-up. DMFS was defined as the duration from diagnosis until the date of metastasis, or date of the last follow-up. These endpoints were analyzed with a Kaplan-Meier method and a log-rank test. Multivariate analyses with the Cox proportional hazards model were used to test independence, significance, and hazard discrimination. Additionally, survival Fig. 1 . Survival analyses of T categories using the TNM 6th and the TNM 7th editions staging systems. Panels A, B, and C were staged according to the TNM 6th edition, while panels A9, B9, and C9 were staged using the TNM 7th edition. In OS analysis, there were significant differences for each stage of T categories except for T1 vs. T2 in the TNM 6th edition (Panel 1A), which became significant in the TNM 7th edition (Panel 1A9). With regard to LRRFS, no significant differences were observed for each stage of T2-T4 subsets in both editions (Panels 1B and1B9). With regard to DMFS, both TNM 6th and TNM 7th editions showed distinct differences in survival among each stages of T categories except for T2 vs. T3 and T3 vs. T4 (Panels 1C and 1C9). UICC/AJCC: International Union Against Cancer stage system/American Joint Committee on Cancer; OS, overall survival; DMFS, distant metastasis-free survival; LRRFS, loco-regional recurrence-free survival.
doi:10.1371/journal.pone.0116261.g001
curves were plotted using the Cox multivariate model in addition to the KaplanMeier method. A two-tailed P value ,0.05 was considered statistically significant. Above analyses were carried out using SPSS software (version 16.0, SPSS Inc., Chicago, IL, USA).
Results
Distributions and characteristics of NPC patients according to the TNM 6th edition and TNM 7th edition
The patients' distributions and characteristics are summarized in Table 1 . The median age of the 2,629 patients was 50 years old (6-81 years old) and 1,956 (74.4%) were male. The median follow-up was 54.40 months (range; 1.23-87.20 months). The patients were treated with 2D-CRT (70.9% or 1,863 individuals), 3D-CRT (3.2% or 85 individuals), or IMRT (25.9% or 681 individuals) radiation therapies. The majority of the patients (1,956/2,629, 74.4%) were treated with combination chemoradiation therapy. Also, 622 (23.7%) patients were given induction chemotherapy (IC); 703 (26.7%) patients were given concurrent chemotherapy (CC); 16 (0.6%) patients were treated with adjuvant therapies. Furthermore, 545 (20.7%) patients were given IC and CC treatments and 28 (1.1%) patients were treated with CC and adjuvant chemotherapy. By comparing the distributions of the TNM 6th edition and TNM 7th edition, 37 (37/561, 6.6%) patients were down-staged from T2a with the TNM 6th edition to T1 with TNM 7th edition and 119 (119/670, 17.8%) patients were up-staged from N0 with the TNM 6th edition to N1 with the TNM 7th edition. Eventually, because of the presence of positive lymph nodes (N1-3) and T2-4 subsets, 2 patients were upstaged from stage I to II (2/118, 1.7%). Significant differences in the distribution between the TNM 6th edition and TNM 7th edition were found in N classification (x 2 520.589, p,0.001) but not in T classification (x 2 53.476, p50.325) or overall stage (x 2 50.220, p50.999; Table1).
Survival analyses of T categories according to the TNM 6th edition and TNM 7th edition
For OS, significant separations between adjacent stage categories were observed with the TNM 7th edition. However, the differences between T1 and T2 categories were not significant (P50.061) with the TNM 6th edition (Fig. 1A, and Fig. 1A9 ). With regard to LRRFS, there were nonsignificant survival curve segregations Fig. 2 . Survival analyses of the HRs of the T2a subset compared with other subsets using the TNM 6th edition staging system. Panels A, B, and C were staged according to the TNM 6th edition staging system, while panels A9, B9, and C9 were plotted as estimated from the Cox multivariate model with adjustments for sex, age, histology, treatment modality, and radiotherapy techniques. In both statistical model, the hazard ratios (HRs) of T2a were similar to T1 in OS (Panels A and A9), LRRFS (Panels 2B and 2B9) and DMFS (Panels C and C9) but were significantly different from the T2b subset (parapharyngeal space invasion). HR: hazard ratio. 
Survival analyses of N categories according to the TNM 6th edition and TNM 7th edition
Significant survival curve separations were obtained between N1 and N2 with the TNM 7th edition in OS (P50.025) and DMFS (P50.011; Figs. 3A9 and 3C9). However, these differences were not significant with the TNM 6th edition. With respect to LRRFS, there was a non-significant survival difference between N1 and N2 according to the criteria of the TNM 6th edition and TNM 7th edition (Figs. 3B and 3B9) .
Further, we classified N0 patients with RLN metastasis (N0 RLN+ by the TNM 6th edition) as a subgroup. The HRs of N0 RLN+ were found to be similar to N0 without RLN metastasis (N0 RLN-; before adjusted: OS, HR51. 37 
Survival analyses of overall stages according to the TNM 6th edition and TNM 7th edition
For OS and DMFS, significant separations were achieved between adjacent stage categories with the TNM 6th edition and TNM 7th edition (P,0.05; Figs. 5A and 5A9, 5C and 5C9, respectively). With respect to LRRFS, the differences were only observed between stage I and stage II (P50.022, P50.037, respectively) as well as stage I and stage IV (P50.025, P50.040, respectively) with the two editions of staging systems (Figs. 5B and 5B9) . Fig. 3 . Survival analyses of N categories using the TNM 6th and the TNM 7th editions staging systems. Panels A, B, and C were staged according to the TNM 6th edition staging system, while panels A9, B9, and C9 were followed according to the TNM 7th edition. There were significant differences among each stage of N categories except for N1 vs. N2 in either OS or DMFS (Panels 3A and 3C) in the TNM 6th edition, while such differences became significant in the TNM 7th edition (Panels 3A9 and 3C9). However, neither the TNM 6th nor TNM 7th edition could distinguish the LRFFS between N1 and N2 (Panels 3B and 3B9). Multivariate analysis of T, N, and M categories according to the TNM 6th edition and TNM 7th edition
We conducted a Cox model multivariate analysis after adjusting for gender, age, and treatments and the results revealed that T, N, and M classifications were independent prognostic factors for OS and DMFS by both the TNM 6th edition and TNM 7th edition (P,0.05), but not for LRRFS (P.0.05; Table 3 and S3  Table) .
Discussion
Recently, several studies have compared the TNM 6th edition with the TNM 7th edition. Unfortunately, the results have been heterogeneous. In a panel of 903 Chinese NPC patients, Sun et al. observed non-significant differences in prognosis prediction between T2a and T1 categories using the two editions of the UICC/ AJCC staging system [12] . Another recent study by OuYang et al. assessed the prognostic value of the two editions of the TNM staging system by combining analyses of the Akaike information criterion (AIC) and Harrell's concordance index (c-index). They concluded that the TNM 6th edition T-classification had superior prognostic value to the TNM 7th edition. However, FFS was the only factor evaluated following end points [22] . Since clearly elucidating the superiority of the current staging system is critical for treatment choice and prognosis prediction [23, 24] , we performed a retrospective study with a large sample size of 2,629 NPC patients. In this study, we compared the prognostic value of the TNM 6th edition and TNM 7th edition based on the significant separations of survival curves for OS, LRRFS and DMFS, which were the most widely used practices in cancer research. Our study revealed that there was a significant difference and better survival curve segregations between T1 and T2 (for OS), N1and N2 (for OS and DMFS) according to the TNM 7th edition.
Considering suggestions from previous studies regarding the prognosis of certain features in TNM 6th edition staging criteria [25, 26, 27] , it was not unexpected to observe improvement with the TNM 7th edition, and our aim was to validate these results.
For the T-classification, our study revealed that with the TNM 7th edition, a significant difference and better survival curve segregation between T1 and T2 were obtained in OS analysis. Moreover, the rationality of the TNM 7th edition was reconfirmed based on the findings of the proportional hazards analyses. These observations were consistent with a series of previous studies, where they found no significant differences between T2a and T1 categories in the risks of disease Fig. 4 . Survival analyses of the HRs of N0 RLN+ subset comparing with other subsets using the TNM 6th staging system. Panels A, B, and C were staged as the TNM 6th edition staging system, while panels A9, B9, and C9 were plotted as estimated from the Cox multivariate model with adjustments for sex, age, histology, treatment modality, and radiotherapy techniques. Patients with N0 RLN+ were divided into a subgroup alone, the HRs of N0 RLN+ was similar to N0 RLN-in OS (Panels A and A9), LRRFS (Panels B and B9) and DMFS (Panels C and C9).
doi:10.1371/journal.pone.0116261.g004 failures and survival rates, and proposed that T2a should be categorized as T1 [25, 26, 27, 28, 29] . On the contrary, Sun et al. did not find significant differences between T2a and T1 in either of the two editions. The discordance might be partly due to the different sample sizes, where a total of 2,629 patients were recruited in our study but only 903 patients participated in their study. Interestingly, reverse results were obtained by OuYang et al. As different following end points and statistical models were used between the two studies, further research using the data of patients from other centers is required.
With regard to N-classification, subsequent retrospective studies revealed that RLN metastasis, regardless of laterality, had a poorer prognosis than nodenegative disease [30, 31, 32, 33] . However, reverse evidence showed that RLN metastases did not influence OS and DMFS [12, 34, 35] . Because of the uncertain prognostic value of RLN metastasis, we classified patients with positive RLN as a subgroup alone, and found the similarity of risks of disease failure between N0 RLN+ and N0 RLN-, but different from N1. In addition, our results also revealed that classifying RLN metastasis to N1 obtained better survival curve separations between N1 and N2 in OS and DMFS according to the TNM 7th edition. The following reasons may explain the heterogeneous results regarding the prognostic value of RLN metastasis between our model and previous studies. On the one hand, cumulative studies have reported that the use of MRI was associated with improved tumor control and survival of NPC patients because a higher radiation dose could be delivered to the tumor by the external beam, which led to better tumor control [36, 37] . On the other hand, the visible RLNs were outlined with the primary tumor as GTV and received higher dose irradiation than cervical lymph nodes using either IMRT or 2D-CRT techniques, which eventually led to satisfactory control of RLN. Therefore, it is acceptable that RLN involvement did not significantly influence the prognosis of NPC patients due to the improvement of tumor extent visualization. Further validations with data from multiple centers are required and we are currently planning these studies.
With respect to overall stage, both editions had distinct survival curves in OS and DMFS, which is consistent with the previous findings by Rui et al. [38] . However, with regard to LRRFS, neither edition had significant survival curves separations. An important reason might be the increased local control rates with benefits from the improvement of imaging and radiotherapy modalities and the widespread use of combined chemo-radiotherapy. It has been suggested that MRI had an influence on local tumor control, with around a 20% improvement in the local control rate for NPC [39] . 3D-CRT and IMRT had remarkable advantages in providing better tumor target coverage and allowed the delivery of a high dose to the gross tumor while significantly reducing the dose to the surrounding normal . Survival analyses of overall stage using the TNM 6th and the TNM 7th staging systems. Panels A, B, and C were staged with the TNM 6th edition staging system, while panels A9, B9, and C9 followed the TNM 7th edition. Both 6th and 7th editions could distinctly separate the survival curves of each overall stage in OS and DMFS (Panels 5A and 5A9, 5C and 5C9). With regard to LRRFS, no significant differences were noted among each overall stage except that stage I showed significantly better survival than stage II and stage IV (Panels 5B and 5B9).
doi:10.1371/journal.pone.0116261.g005 Table 3 . Multivariate analysis of independent prognostic factors in NPC patients.
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End 41] . Therefore, it is urgent to search for a marker to improve the prognostic predication of LRRFS, which is what we are currently planning.
Conclusion
The TNM 7th staging system had superior performance to the TNM 6th edition in predicting OS and DMFS, and significant alterations in the distribution of N classification. As these findings were limited due to being a retrospective study in a single center, further studies in multicenters or employing a prospective method are needed to validate these findings. Supporting Information S1 
